A field experiment was carried out for two consecutive seasons (2005/2006 and 2006/2007) in the Demonstration Farm of the Faculty of Agriculture at Shambat, University of Khartoum, Sudan, to study the effect of intercropping, phosphorus application and Rhizobium inoculation on the performance of some leguminous and cereal forage crops. The treatments used were pure stand, a mixture of Clitoria, lablab and Sudangrass, phosphorus fertilizer and Rhizobium inoculation. They were laid out in a completely randomized block design with three replications. Yield and quality were measured. Land equivalent ratio (LER) was calculated to evaluate intercropping versus monocropping.The results of the field experiment showed that, sole crop yield was higher than when grown in a mixture. The mixtures especially legume/ legume combinations, gave more total forage yield than the sole crops. Nearly all the intercropping treatments had land equivalent ratio (LER) above one which indicated the advantage of intercropping over monocropping. Rhizobium inoculation and phosphorus application improved forage quality by increasing crude protein content. Intercropping and phosphorus fertilization decreased crude fiber percentage in the plant tissues.
INTRODUCTION
The term intercropping is usually coupled with sustaining agriculture and organic farming. Sustainability of intercropping is referring to the production of food and forage for livestock without depleting the earth resources; it is the application of nature's principles (Earles, 2005) . Intercropping is becoming so important to increase crop productivity to satisfy food demands of an increasing population. Intercropping is a common cropping system in developing countries (Li et al., 1999) . Nitrogen fixation is one of the most important biological processes on earth (Graham, 2008) and Rhizobium inoculation of legumes is one of the success stories of world agriculture (Herridge, 2008) . Phosphorus deficiency is very common in agricultural soils and intercropping enhances phosphorus mobilization between different crop species grown in alternate rows (Li et al., 2007) . Therefore, the main objective of this study was to explore the possibility of providing green forage from an intercropping system of leguminous and nonleguminous crops with high productivity and high nutritional value. The specific objectives were to: (1) study the effect of phosphorus fertilization and Rhizobium inoculation on the growth and yield of cereal and leguminous forage crops. (2) Evaluate mixed cropping versus monocropping. Land preparation: Four operations were carried out; ploughing, harrowing, leveling, and ridging 70 cm apart. The size of the plot was 3 x 5 m with six ridges. The experimental plots were protected with a guard area planted with Sorghum.
MATERIALS AND METHODS

Experimental
Treatments
Treatments used were: 1-Sorghum sudanense (pure stand) 2-Clitoria ternatea (pure stand) 3-Lablab purpureus (pure stand) 4-Sorghum sudanense: Clitoria ternatea Treatments were replicated three times and the number of experimental plots were equal to 78 using a Randomized Complete Block Design.
Inoculation:
The leguminous seeds were inoculated before planting with their Rhizobium strains (USDA3398 for Lablab and USDA3384 for Clitoria) in form of black powder, brought from the National Research Center ,Sudan.
Phosphorous addition: Phosphorous was added in the form of triple supper phosphate at a rate of 50 kg per hectare before planting.
Seeding rate: For sorghum, Clitoria and lablab, seeding rates applied were, 10, 15, 20 kg/feddan, respectively. In case of mixture, the seed rate was half or third of that of the sole crop (half incase of two mixtures and third incase of three mixtures). 
Method of planting:
Seeds of legumes were drilled into the shoulders of the ridges, alternated with Sorghum seeds, row intercropping (1: 1)
Irrigation:
The experiment was irrigated immediately after planting, to avoid death of bacteria ( Rhizobium ), and weekly thereafter.
Weed control:
The most common weeds were Buda (Striga hermonthica), Nageela (Cynadon dactylon) and Saeda (Cyprus rotundus). Weeding was carried out once after three weeks from planting. White fly was the most common insect infested lablab plants, but did not reach threshold level.
Parameters measured
Yield: The two middle rows were harvested; each crop was separated to determine its fresh and dry weights.
Land equivalent ratio:
This was determined by taking the individual crop yields in the intercropping divided by their yields as sole crops (Mead and Willey, 1980) .
Nutritive value:
Crude protein was determined by micro-kjeldahl method and AOAC technique (1984) was used to determine the crude fiber.
Data analysis:
The Randomized Complete Block Design was used, in which the main 26 treatments were further fractionated to obtain 16 ,16, and 12 treatments consisted of Clitoria, Lablab and Sorghum, respectively and each crop was statistically analyzed separately
RESULTS
Yield Clitoria ternatea
Fresh weight: The average fresh yield (tone/ha) was higher in the second season (12.6 tone/ha) compared to the first season (7 tone /ha) (Table 1a and 1b) . Sole Clitoria, with or without addition of P and R significantly produced higher yield. In the first season, Clitoria in pure stand produced higher amount of green forage (15.06 tone/ha) followed by C/P/R and C/R treated plots
In the second season of 2006 (Table 1b) , treatments significantly affected fresh yields of the first cut.
Clitoria plants inoculated with Rhizobium and treated with phosphorus produced the highest fresh yield (22.22 ton/ha), whereas Clitoria grown with lablab without Rhizobium and phosphorus yielded the lowest tonnage per hector (8.7 tone/ha). Clitoria yield significantly decreased with intercropping in the two seasons.
Ratoon fresh yield was higher than the first cut yield in the two seasons (18.15 and 17.48 tone/ha for the first and second ratoon). Although fresh yield of the first ratoon was not significantly affected by treatments, Clitoria in pure stand gave higher yield (22.8 tone/ha). There was a significant difference between treatments in fresh weight in the ratoon. The CLS/P/R treatment produced the highest yield (29.4 tone/ha) followed by C/P treatment (23.2 tone/ha).
Dry weight:
The response of dry weight to treatments was more or less similar to that of fresh weight. The average dry weight of Clitoria in the first cut was 1.09 and 2.91 tone/ha for the first and second year, respectively. First season dry weight showed that, the highest yield was obtained by CS/R, CSL/P and C treatments. In the second season, C/P/R gave the highest dry weight (4.76 tone/ha) followed by sole Clitoria (C)
Lablab purpureus
Fresh weight: Fresh weight was significantly affected by treatments in the two seasons (Table 1a and 1b). In the first season, plots planted with sole lablab produced the highest amount of green forage per unit area (16.83 tone/ha) followed by sole lablab treated with P and R (12.58 tone/ha). Lablab in pure stand with P gave the highest amount of forage per hectare (29.96) in the second season. In the first season ratoon, L/P/R treatment also gave the highest amount of forage per unit area (11.02 tone/ha). In the second season ratoon did not show any significant difference among treatments, however, sole lablab and lablab intercropped with sorghum gave relatively higher yields.
Dry weight: Lablab /P/R gave the highest dry weight in the first cut of the two seasons (1.27 and 4.68 tone/ha for the first and the second season). In general the effect of treatments on dry weight in most treatments was similar to the effect of treatments on fresh weight, but P treated plants gave slightly higher dry weight. The dry weight of the first year ratoon showed a significant difference among treatments. The L/P/R treatment resulted in the higher dry matter forage. In second season, treatments did not show any significant difference among dry weight means as in its fresh weight, but L/P, LS and LS/R treatments scored relatively high dry weight. Sorghum sudanense Fresh weight: As shown in tables 1a and 1b, the highest fresh yield was obtained by S/P (9.19 tone/ha) followed by sole sorghum (7.82). First crop of the second season did not show any significant difference among treatment means, but intercropped sorghum with lablab resulted in slight increase of fresh weight. Ratoon crop showed that SCL scored the highest fresh weight in the two seasons (4.4 and 6.8 tone/ha for the first and the second year) as shown tables 1a and 1b.
Dry weight:
In the first cut of the first season, the same treatment (S/P) resulted in the highest dry weight (1.94 tone/ha). There was no significant difference in dry weight of the second ratoon reading, but intercropping treatments showed a slight increase in dry weight. In ratoon crop, sorghum intercropped with legumes resulted in significantly higher dry weight of forage sorghum (Tables 1a and 1b) .
Total yield: Total yield was significantly different in all readings of the two seasons (Table 2 ). In the first season, the total yield of the first cut indicated that CL/R treatment gave the highest yield (18.43 tone/ha) followed by CSL/R. Generally intercropping legume with legume gave higher yield than sole sorghum and its combination with legumes.
Ratoon of the first year showed significant differences among treatment means and CSL/P treatment produced the highest tonnage per hectare (27.35). Clitoria with P plus R resulted in an increase in total yield. Moreover, the contribution of sorghum to the total yield was very weak.
In the first cut of the second season, lablab treated with P and R gave the highest yield (29.96 tone/ha). Sole Clitoria and Clitoria treated with P plus R also gave relatively higher total yield. Sorghum in general produced lower forage in the total yield.
In the second season ratoon, CSL/P/R treatment significantly scored the higher total yield (30.99 tone/ha). The three crop intercropping treatment gave more total yield than sole crops. In general sorghum was the lowest in the total yield, whereas Clitoria was the main contributor to the total forage yield.
Land equivalent ratio:
The Land Equivalent Ratio for the two season cuttings were more than one, except some treatments of the first cut of the first season. Clitoria: Sorghum: Lablab combination kept its high ratio throughout the two seasons (Table 3 ).
The first cut of the first season showed high LER compared to the second cut. All the intercropping treatments had a LER grater than one (1.05 to 9.78). The lablab: Sorghum: phosphorus+Rhizobia treatment was the best one (9.78). Phosphorus alone did not show any effect on the LER.
In the first season second cut, the LER of the first crop was significantly affected by the different treatments applied. It ranged between 0.63 to 1.64 and the two intercropped treatments mainly with sorghum yielded lower than the sole crops (less than one). The higher ratio was obtained by SCL/R (1.78), followed by CL and CLS treatments. Sorghum: Lablab Rhizobium treatment gave the lower ratio (0.63). In the second cut (ratoon) intercropping produced more forage than sole crops. The area planted with SL/P/R and CLS yielded more than 9 times, than if cultivated by one crop. Neither Rhizobium nor P, when applied separately, were affecting LER.
Second season of 2006 first cut showed a significant difference among the treatment means, ranging between1.06 to 3.73 which was less than the first season. Planting of the three crops together resulted in high ratios compared with the two-combinations. To some extent, second cut gave ratios similar to that of the first cut (0.99 and 6.93). Clitoria: Sorghum: Lablab treatment gave the highest ratio (6.93). Effect of P was not consistent.
Crude protein (%):
Crude protein was determined at harvest in all cuttings (Tables 4a and 4b ).
Clitoria ternatea:
In the first season, first cut CP of Clitoria plant ranged between 16.6 to 28.33 %. Addition of P in most cases increased the percentage of protein in the Clitoria plant.
Rhizobium inoculation, with or without P increased protein content of the plant tissues. Clitoria: Lablab /P/R and C treatments gave the highest percentage of CP (28.33 and 27.67 respectively).First cut of the second season showed a significant effect of treatments on crude protein. Sole Clitoria treated with P and R gave forage with the highest amount of protein (25.08) in this reading. Intercropping with sorghum reduced CP% in Clitoria.
In the second cut, treatments significantly affected crude protein of Clitoria. Crude protein ranged between 15.67 to 26.33 %. Intercropping legume with legume (CL) and addition of P increased crude protein. Clitoria treated with P and inoculated with R produced plants with the highest CP % (26.33) followed by CL/R combination (24%).
In the second season, means of crude protein of Clitoria were significantly affected by treatments. The CP ranged between 15.17 and 25.08%. Intercropping of the two plants gave slightly better crude protein than the intercropping of the three crops.
Second season ratoon showed a significant difference among treatments in crude protein of Clitoria. Clitoria inoculated with R produced forage with high crude protein (24%), whereas Clitoria intercropped with sorghum gave forage with low nutritional value (CP of 15.18%).
Lablab purpureus:
In the first season, the first cut produced plants with CP ranged between 10 and 15%. Sole lablab inoculated with R and sole lablab treated with P and R gave forage with high CP% (15). In general R inoculation and/or P addition increased the percentage of CP.
In the first cut of the second season, L/P/R produced forage with high quality (17.08% protein). Inoculation of two-combination intercropped plots resulted in relatively high CP%.
In the ratoon crop of lablab, crude protein was significantly different in the two seasons. Lablab grown with Clitoria and treated with P and R gave the highest CP% in the first year ratoon, whereas the lowest CP% (10.5) was observed in lablab grown with sorghum (LS). Lablab treated with P expressed a high percentage of CP.
In the second season ratoon, lablab grown alone and inoculated with R resulted in higher CP. Addition of P and R significantly increased the CP.
Sorghum sudanense: Crude protein of Sudangrass was significantly affected by the different treatments in all cuttings. In the first cut of the first season, CP% ranged between 6.5 and 11.8. It was clearly observed that intercropping sorghum with legume significantly increased the CP of sorghum. Moreover, addition of P to the sorghum increased the amount of CP. Sorghum alone scored the lowest amount of CP (6.5).
In the second season, first cut showed significant differences between means of crude protein due to the application of different treatments. Sole sorghum gave the lowest CP (6.75), whereas sorghum intercropped with Clitoria and treated with P resulted in higher percentage of CP. Addition of phosphorus increased the crude protein of sorghum forage. Legend: C = Clitoria, L = lablab, S = sorghum, P = phosphors, R = Rhizobium . Means with the same letter (s) within each column are not significantly different at 0.05 level using Duncan's Multiple Range Test. Legend: C = Clitoria, L = lablab, S = sorghum, P = phosphors, R = Rhizobium Means with the same letter (s) within each column are not significantly different at 0.05 level using Duncan's Multiple Range Test. Legend: C = Clitoria, L = lablab, S = sorghum, P = phosphors, R = Rhizobium
The crude protein in first season ratoon significantly increased with the intercropping and P application. In this cut, SC/P/R treatment gave plants with high CP (11%), whereas sole sorghum was significantly lower in CP.
In the second season ratoon, the CP% ranged between 7.5 and 11.5. Generally, intercropping increased CP%. Sorghum grown with Clitoria, lablab and treated with P and R gave forage with high amount of CP (11.5).
Crude fiber (%)
Clitoria ternatea: Crude fiber of Clitoria was significantly affected by the different treatments applied in all cuttings (Table 5a and 5b).
In the first season, crude fiber of the first cut significantly decreased by intercropping and addition of P. Crude fiber of the forage ranged 25.75 and 34.18%. It was also observed that addition of P and R to the Clitoria intercropped with the other legume (lablab) decreased the crude fiber of Clitoria. Sole Clitoria had the highest CF% (34.18).
In the first cut of the second season, Clitoria grown alone recorded the highest CP% (32.73), whereas CL/R got the lowest percentage (25.28)
Crude fiber of Clitoria in the first season ratoon was significantly affected by intercropping and addition of P. Plots grown with Clitoria alone produced more fibrous forage (33.78%) than the mixture and in most cases addition of P and R to the plants decreased CF%.
For the second season ratoon, also sole crops gave forage with high CF% (30.5). Addition of P and R was observed to reduce CF compared to intercropping Clitoria with sorghum.
Lablab purpureus: Crude fiber of lablab CF was significantly affected in all cuttings due to the application of different treatments.
The first cut of the first season produced forage with CF ranged between 30.48 and 39.08. Lablab grown alone was significantly fibrous than the intercropped one. The treatments L and LS resulted in the higher CF forage (39%), whereas LSC /R treatment produced plants with the lower CF%.
In the first cut of the second season, sole lablab plants had the higher CF% (39.08), whereas LSC/R gave the lowest CF% (30.1). Generally P and R decreased CF%.
Crude fiber of ratoon of the first season was relatively higher in CF than the first cut. Commonly sole lablab produced forage with higher CF and intercropping treatments with the addition of P and R significantly decreased the amount of fiber in the lablab forage. In many readings, LC/P/R treatment gave the lowest CF forage. Ratoon in the second season ratoon revealed lower CF% (25.76 to 32.2%) compared with ratoon of the first season. Plots with LS/P produced forage with higher CF %( 34), whereas LC/P/R treatment gave forage lower in CF (25.76%).
Sorghum sudanense: Crude fiber of sorghum plant was significantly affected by treatments in the two seasons. The CF% ranged between 35.94 and 42.2 in the first cut of the first season. Sorghum interplanted with Clitoria, addition of P and R gave the lower CF. Addition of P alone to the sorghum did not significantly increase the CF. In the first cut of the second season, CF ranged between 37.06 and 44.7. The treatment SLC/P/R gave plants with the lower CF (37.06), whereas S/P treatment forage sorghum with high CF (44.7)
The first year ratoon gave forage with 30.24 to 41% CF. Sole sorghum plants obtained the highest CP% (41.68), whereas SCL/P/R gave the lowest CF forage sorghum (30.24).Intercropping and addition of P was observed to decrease CF.
The second year ratoon produced sorghum forage with CF ranging between 33.5 and 41.03. Sole sorghum plant was more fibrous (41.03) than the other sorghum which planted with legumes as intercropping. In general intercropping gave plants with lower CF. Legend: C = Clitoria, L = lablab, S = sorghum, P = phosphors, R = Rhizobium Legend: C = Clitoria, L = lablab, S = sorghum, P = phosphors, R = Rhizobium DISCUSSION Individual Yield : Individual yield of sole Clitoria and sole lablab treated with P and R was the highest one. This is expected for these leguminous forages as there were less competition and less shading resulting from the cereal forage (Sorghum) when grown as sole crops. However, these forage legumes when intercropped with cereal forages their total yield exceeded that of each crop grown alone as a result of the mutual benefits provided by each component to the other ( nitrogen fixation provided by the leguminous component and CHO and shelter provided by the cereal component). For the majority of treatments, the sole crops produced higher yield, but sole crop treated with P +R gave relative higher dry weight which may reflect the role P in dry matter formation and the Rhizobium in provision of nitrogen ( Reddy et al. ,2003) .
Total Yield: Total yield in the intercropping system is more reliable than the individual yield, because it considered all plants per unit area. This study showed that intercropping treatments basically legume to legume combination resulted in higher forage yield which indicated mutual cooperation (khair, 1999), whereas sole sorghum and its combination treatments produced lower yield. Sorghum is a cereal plant, not a nitrogen fixer, but N consumer, thus these characteristics could affect the final yield of sorghum as a sole crop or in the intercropping system. In addition to the intercropping, application of P plus R inoculation was found to increase total yield in this study, which reflected the contribution of P in stem elongation and developing of new leaves, whereas inoculation resulted in more nodulation, which help in the process of N fixation ( Zahran,1999; Kiers et al. ,2008) . Means with the same letter (s) within each column are not significantly different at 0.05 level using Duncan's Multiple Range Test. Legend: C = Clitoria, L = lablab, S = sorghum, P = phosphors, R = Rhizobium Means with the same letter (s) within each column are not significantly different at 0.05 level using Duncan's Multiple Range Test. Legend: C = Clitoria, L = lablab, S = sorghum, P = phosphors, R = Rhizobium Land Equivalent Ratio: Land Equivalent Ratio (LER) is a parameter used to evaluate the yield in the intercropping system and as a measure for land use efficiency. In the current study, planting of the three crops (Clitoria, lablab and sorghum) at the same time and on the same plot resulted in the high LER value throughout the two seasons, which indicated the importance of intercropping in land use efficiency than mono-cropping. This result is confirmed by Liu and Zhang (2006) Crude protein: Generally, Rhizobium inoculation and P addition increased CP% of the forage. The suitable Rhizobium strain resulted in a successful inoculation causing roots to form nodules, the place of nitrogenfixation and amino acid synthesis, which is the building unit of protein. Mpairwe, et al. (2002) found that intercropping forage legumes with cereals generally resulted in fodder with higher CP content. Similar result was reported by Abbas (2003) .
Crude fiber: In the present study, intercropping and addition of P significantly improved forage quality by decreasing the amount of fiber in the plant tissues. Sole plant was more fibrous than the intercropped one and P treated plant revealed lower percentage of crude fiber. This is in agreement with Mpairwe et al. (2002) and Abbas (2003) who found that crude fiber was significantly higher in grasses in pure stand compared to legumes and grass -legume mixture, but in other findings addition of P increased CF (Reddy et al., 2003) but this could be related to time of harvest (plant age) rather than phosphorus addition.
SUMMARY AND RECOMMENDATIONS
Sole crops produced high amount of individual yield, but in the total yield intercropping treatments yielded high tonnage per unit area. Intercropping treatments had a value of LER greater than one.
Rhizobium inoculation and P addition increased CP% of the forage. Intercropping and addition of P significantly improved forage quality by decreasing the amount of fiber in the plant tissues.  Adoption of intercropping farming system, especially in rural areas, will be more effective and profitable. This is because of the lower input cost and advantages of the intercropping.  To get healthy forage plant with high nutritional value, adoption of intercropping is important.  Inoculation of legumes with the suitable Rhizobium strain is important for biological fertilization to reduce input cost and clean environment.  Land equivalent ratio (LER) is a suitable measure to evaluate the total yield in the intercropping system and see how efficient the land resource is used.
